Slow-roll inflation model from higher-dimensional
gravity with a U(1) gauge theory

Yugo Abe, Yoshiharu Kawamura (Shinshu-U), Takeo Inami (NTU, Riken),
and Yoji Koyama (NTHU) Based on PTEP 2014 (2014) arXiv:1404.5125

1. Motivation: Fine-tuning problem in slow-roll inflation

Slow-roll inflation model : Basic inflation parameters are known. Planck (2013)
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Severe restrictions on the couplings in inflaton potential V (¢)

i) Huge quantum correction - Fine-tuning of ¢, (like in Higgs potential, §m° ~ AA?)

i) BICEP2: tensor to scalar ratio > 0.1 [ Large field inflation A¢ > Mp
Dangerous higher-dim. operators
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~ comparison with other inflation model~

A solution for the fine-tuning problem in inflation

Inflation from higher dimensional theories: .l | Planck+ WP +highL ]
Bottom_up = our approach | Planck+WP highL+B|CE2P2
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* The potential is finite. 0.94 0-96 0.98 1.00

u nS
* No dangerous higher operators. Spectral index and tensor to scalar ratio

Planck & BICEP2 (13,14)

« Extranatural inflation * Radion inflation
Arkani-Hamed et al(2003) Fukazawa et al(2012)
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Cf. Slow-roll (axion) inflation from string theory : (Top-down)

axion monodromy Silverstein et al(2008), Multi axion ...

It is natural to ask what happens when the both scalars contribute to the potential energy of the universe.

Question: Which scalar is responsible for inflation? Radion or gauge scalar?




2. Our model: 5D gravity + U(1) gauge theory

Model, radion and gauge scalar M; — M, x S

Field content:
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() = ¢ : radion (B{YY = ¢f : gauge-scalar (Higgs) v; :U(1) charged fermion (i=1,...,¢1)

M :neutral fermion (=1,...,¢2)

Lphys = / dy~/gs5 = ¢'/°L : physicl size of the 5th dimension

One-loop effective potential for radion and gauge scalar
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Radion and gauge scalar couple through the charged fermion loop. - ... "~ 3

For 0 > 7/2 the gauge scalar potential becomes attractive.

Radion stabilization in the presence of Wilson line phase of

Neutral fermions play an important role in making a stable Vv
minimum perturbatively. Namely we impose
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Cf. moduli stabilization in string theory. 0
Flux compactification (non-perturbative).. One-loop effective potential

3. Application to slow-roll inflation: Hybrid model

The most interesting possibility is hybrid inflation.
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Trajectory: original hybrid

Trajectory: Our potential o

» To achieve nearly zero vaccum energy

5D cosmological constant term aL¢~1/3 - Vinin ~ 0 (We need a fine-tuning in a.)

Inflation parameters are determined by inflaton slow-roll parameters

Model parameters
(Instantaneous waterfall)
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Free parameters:
We are investigating if the hybrid inflation actually occurs in our toy model and whether

g, L, m
the values of ¢, L, m are natural or not.



